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bcedfhgi ,j kml fonqpsrut lwvYx g(t vYy t l f lwz rut lsvYx
{ g z}|Vz t~dfhg z7v f y psgBg z
[ vu gt77pr {>lx
7r yqyv ~t { g~g  ceg(  ceg xohYYj  r xVml g + "j oy rug z
VG, v nq z}l fonqpsg( x nqfh lw negfhg x t[psg v f yv ~tg(fEg x t fE  r x>ls neg { g z t}~n ¡
t~nq~g z pr z t v fEd(g z c |my g ¡ psr z t ls neg z¢£xev n z nqt l p lwz~vYxez n x gfE(t~c vV{ g {2¤ c v f v  x  l¥¡
z rut lsvYxh n llxe{ n l t { g z.y  v, psdfhg zIxevYx p lx Gr l g z.v n y pw z¦>§ g7¨r y>yv }t y  z g x tg©n x g
fE(t~c vV{ g { gª z}v pwn>t lsvuxoxevYx*lxe ~fhg x t¨rupwg {qvux t[p ¤«lx t~¬t@g z t { g { n l ~g vuxez}lw{ r ¡
, psg(fEg x t£pwg z£vY­ t z£{ g  rup  nqp ¦®©v n z{ f vYx t~ vuxez£ neg  gt}tg[fht~c vB{ g[g z t  n l rupsg x t~g
¯ n x gfht}c vB{ g { g ® g°%t vux£¢' g  n l.xqv n zy g(~fhgt {2¤ g xy  v n  g$pr vuxV g~g xe g ¢
z~v n z${ g z c |myv t}ced z g z ~Grup lsz tg z¦'± g z  z nqpt¨rut z"z nq"n x fErut( l r²n v f yvz³l t~g l pwpn z³¡
t~g x t7pwg z	y g}´ v ~fEr xe g z{ gprfht}c vB{ g ¦
µ·¶e¸a¹¨º»T¼ ½ v f v  x  lsz rut lwvYx¾¢ frut~ l run>¿c |my g(psr z t ls neg zÀ¢ fht~c vB{ g xevYx
lwxe fhg x trupsg ¢ fht~c vB{ g { g ® g°%t vux
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 ¸qºY¸ x v  { g*t v z}l fonqpr²tgt~cegfhg  c r xqls rup , gc r mlsv  v ´ xevYx p lwx gruog(pr z ¡
t v fhg ls7z t~}n  t}nqg z¢ °ªg]n z grc v f v g xql rut lsvYx tg  c xqlw nqg]°%c ls c lxe{ n  g z	xevYx p lwx>¡
gGru y  v, pwgf z¦ bc lwz g yv }t y g z g x t z r xevux¿lxe ~gfhgtrup z~v p mlwx  fhgt}c vV{ °%c ls c
rupwp v ° z t v ~g { n  got~cqg v f y nqtrut lwvYx rup vYz t z¦ g y  vØ got~cqg*g  n lw rupwg xe g , gtÅ°ªgg x
t~ceg z~v p Vlx ;fEg(t~c vV{ r xq{ r ® g(°%t vYxB¡ t |my g-fEg(t~c vV{2¢ °%c ls c rupp v ° z t v y  vØ gÀt}ceg
vYxm g(g xe g ¢ n xq{ g*~gGrup lsz t ls r z~z nqf y t lwvYxez¦ ® nqfEg( lw rup.g z nqpt zovYx r v f yvz³l t~g
l pwpn z t}¨rut~g©t}ceg y g(~´ v }fr xq g zv ´t~c lsz fhgt~c vB{2¦
¹o¶ ,Y ½ v f v g xql! rut lwvYx ¢ c |my g( ¡ gpr z t lwz t}~n  t~nq~g ¢oxevuxOlxe ~gfhg x t¨r²p











 ¤ nqt l p lwz rut lsvYx${ g z 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nq	r {u³vYlxe{ ~g { g z 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.psg z1,  x   g z ¯ g z³y (g { g
 g z r z~z}vB(l rut lsvYxqz¦ x gg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 ls neg zª n l rup  nqpsg x tªpsr~ yvYxez g { g
tgp z f l p l g(n> ¯ n x g z~v pwp lwl t¨rut lsvYxz~vYx t v f y psgBg z gt vY­ t~gn z g z g x t~gf yez.{ g  rup  nqp ¦
£g zhy ~gf l d~g z fE(t~c vV{ g zh{   gp vYyqy g z ¯  g(tgg(t vYx t vYxez³lsz t~Àg x { g z fE ¡
t~c vV{ g z{>l tg z{2¤ g xe r { ~gfhg x t z  l pp lsz¢ +  + i.b' l r x t¨r²´ | pp lw{>lsz¢! r"Yg ¢ + 
  #>b,rup ,v t ¢ l pp lsz¢ + ##$ #  . n lLy g(~fhgt~t~g x t {2¤«v, t~g xql  ¯ { g t~~d z ´àr l$, pwg z.vY­ t z
x n>fE( ls neg z n x gg z t l frut lsvYx{ g]pr { g xez}l t {2¤  x g( l g  n l r²psg x t~g { g]tg(p z f l p l gn> ¦
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nq~gn z gfhg x t  g z fht}c vB{ g z]x g y g~fhgt}tg x t y r z{2¤ìv , tg xql  { gfEr xql d~g y  ¡
lsz g { g zIlwx ´ v ~fErut lwvYxez ~gpr²t lw g z run  c ruf y%àvYx t}¨r lx t~g z gt { (´ v ~fErut lwvYxez  x r x t
run x>lw grun { g z cqt( v Y x  l t z¢ psg z~ negppsg z$z g vYx tg  n lsz g z"y ru"psr z n l tg yv n>r y>¡
y (ceg xe{ gpsg z]y ce xqv fEd x g z{2¤ g xq{qv ffrYYgfhg x t z n z} g y t l , psg z${¤ r y>y ru¨r  t~~g ¦ x  x
pr y ~ lwz}lwvYx-{ g  g z g xq r { ~gfhg x t z g z t y ru~´ vulsz fErup {  xql g ¦
 x { g y rupwp l g ¯  g z"{>lw g z g z${>l& nqpwt~ z¢ g(t$g x z n yqyvz r x t$n x g {>lwz t~ l$, n>t lsvux
runf vYlwxqz$ n r z}l¡íy ( lwvB{>lw neg { g z g x ´ v ~t z¢vYxz g y  vuyvz g {2¤ nqt l p lwz g(prtg  c xqls neg
{2¤ c v f v  x  lsz rut lwvYx{ g z f l p l g(n> ¯ z t~}n  t}nqg y  lwvB{Bls neg' x g  n l£y g(~fhgt { g {qvux>¡
x gn x z g xez t v nqt ¯ ´àr l t y  lwz ¯ t v nqtg z pwg z% n r x t l t z fr x>lwy nqpwg z¦
® Gr x f vYlxez¢ pwg zy  v , psd(fEg z {2¤ c v f v  x  lwz rut lsvYx  n ¤ l p vuxVml g x t { g  z~v n { g
rup v  zhz}vYx t { g zEy  v , psd(fEg zhxevYx p lwx Gr l g z(TxevYx p lx Gr² l t~ { neg r²n v f yv ~tg(fEg x t
{ g z fErut( l run> .{ g z}v ~t~g  n ¤«l p2g z t x   g z}z r l g { g fhgt}t~~gg x*) n  g]n x g]tg  c xqls neg
{ g z}v pwn>t lsvux r { r y t~g ¯  g z7y  v, pwdfhg z¦
  gt"ggtn x gfE(t~c vV{ g lxe ~fhg x t¨rupwgr {   rt { g  g(p vYyqy g ¢ gtrf vYx t~~
pr"´àr lwz r ,>l p l t { g]psr { fEru  ceg  n r x t ¯ pr  n r x t l t~]gt%psr  n rup l t { g z%lwx ´ v ~fErut lwvYxez
fE  r xqlw neg z f ls  vz}vYy>ls neg z ´ v nq xql g z+í± g   l g z¢ + ,$  + i ¦! r²pwceg(nqg(n z g(fEg x t ¢
v ffEg[t v nqtgIfht~c vB{ g lxe ~fhg x t¨rupwg ¢ g(pwpsg x   g z~z}l tg { g vYxez}lw{ ~gn xxqv f , ~g z nq´ ¡
 z ruffhg x t l f yv ~t¨r x t {2¤ lwxe fhg x t z yv n>.r z~z nqg(.psr vYxm gYg xe g { g%p ¤ rupw v  l t~cqfhg
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 x d(g { g z vY­ t z]{ g  rup  nqp l f yv }t¨r x t z¢e{ g z}v ~t~g  n ¤ l p,g z tr yqy ru~n x   g z~z r l ~g { g
{   gp vuyqy g(n x runqt}g;rupw v  l t~c>fEg { g ~ z~v pwnqt lsvYx y pwn zhy g(~´ v }fr x tg x tg(~fhg { g
vY­ t z{ g  rup  nqp ¦
®7v t~~g  c vYl  z¤ g z t yv }t z nqªn x gfE(t~c vV{ g lwxql t l rupsg(fEg x t {   gp vYyqy g yv nq.t~r l¡
tg { g z"y  v, pwdfhg zxevYx p lx Gr l g z{ gt |my g y pr z t ls(l t~  'r { g  d  g ¢ + #	  +   (¦2 pwpwg
vYxez³lsz tgg x n x rupw v  l t~cqfhg xevuxlwxq (fEg x t¨rup { g z~v pnqt lwvYx {qvYx t"pwg y  lxely g*g ¡
yvz g z nqpwg {  v n y prYg { g z   n r²t lsvuxez  p lwx r l ~g z g(t xevYx p lx Gr l g z%vYxqz t l t~nqt lw g z
{ g zEy  v, pwdfhg z ¯  z~v n { g ¦  ¤ nqt l p lwz rut lsvYx¿{ g  g(t~tg fht}c vV{ g { g- z~v pnqt lwvYx runB
y  v, psdfhg z[{¤ c v f v Y x  lsz r²t lsvux*{ g z t}~n  t~nq~g z c |my g ¡ psr z t ls neg y g~fhgt {¤ìv, tg x>l  ¯
{ g z©vY­ t z©{ g  r²p  n>p,gVt~¬(fEg(fEg x t lx t~~g z~z r x t z psr~ yvYxez g { gtg(pwpsg zz t~}n  t}nqg z ¯
{ g zz}v pwp lsl t¨rut lsvYxqz%{qvYxqx 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 (¦ b v nqt~g´ vYlwz pr vYxm g(g xe g
{ g  gt}tgfh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¢e{ r xez g  r z¢ g xev ~g"(t { (f vYx t}g ¦
£g y  vYyvYz${ g  gt"ru}t ls psgog z tr lwxqz}l[{ g*f vYx t~~gpr 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~g xq g { g  gt}tgfE ¡
t~c vV{ g xevYxlwxq (fEg x t¨rupwg { g% z~v pnqt lwvYx£¢ r y>y p lw nqg ¯ { g z[y  v, pwdfhg z[{2¤ c v f v  x  l¥¡
z rut lsvYx{ g v f yvz}l tg z ¯ fErut} ls g]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'r y g(f l dg y r²~t l g { g  g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vYxez³lsz t~g {¤ n x g y ru}tg x n x g y ~ z g x t¨rut lsvYx
{ g pr x rut~n>g { n y  v, pwdfhg ¢ gt {2¤ runqt}g y r²~t	g x pr"f lsz g g x*) n  ~g { g]prtg  c xqls neg
{2¤ c v f v  x  lsz rut lwvYx{ g z f l p l g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g(t
½-g(tg x n z¦
 y d z r vYl g y  l fh  gtr²ps v  l t}cqfEgr²n xqlw gGrun {>lsz} g(t ¢.xev n z{ f vYx t~ vuxez
{ r xez n x gt~ vYlsz³l d(fEg y ru~t l g  negpsg  c vYl  y ru}t ls nqp l g { g zvYy (¨rut~gnq z ½
1gtE½ 
l f y p lw nqg7p ¤   n lw rupsg xe g { g  gt}tgfht~c vB{ g xqvYxlwxe fhg x trupsgr  g  prfht}c vB{ g { g
® g°%t vYx£¢m g  n l xev n zIy g(~fhgt { g vYxe pwnq~g  n r x t ¯ psr vYxm g(g xe g { g©psrfht}c vV{ g
xevYxlwxe (fEg x trupsg ¦
 x  x { r xez n x g  n rut} l dfhg y ru}t l g ¢ p ¤ (t~n { g {2¤ n x  g}t¨r lx t |Vy g { g v f yvz}l tg z
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§ gt~t~g 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methode non incrementale 
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Temps cpu méthode incrémentale
      Méthode incrémentale (Devries, 1996)
      Traction uniaxiale suivant l’axe (O,      )
      Traction uniaxiale suivant l’axe (O,      )
      Traction équi-biaxiale dans le plan (O,      ,      )
      Traction équi-biaxiale dans le plan (O,      ,      )
      Cisaillement simple dans le plan (O,      ,      ) suivant l’axe (O,     )
      Cisaillement simple dans le plan (O,      ,      ) suivant l’axe (O,     )
      Cisaillement pur dans le plan (O,      ,      ) suivant l’axe (O,     )
      Cisaillement pur dans le plan (O,      ,      ) suivant l’axe (O,     )
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log taux     (23) 
n
cisaillement simple (O,x1,x2) 
cisaillement simple (O,x1,x3) 
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S   : solution H.P.P. 0 
S   : 25% de deformation 0 
S   : 40% de deformation 0 
S   : 45% de deformation 0 
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